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Abstract 
Companies are increasingly selling functionalities of integrated solutions of products and services instead of selling mere products. This 
integration of products and service solutions is known as Product Service Systems (PSS), which allows to maximize customer value and overcome 
increasing competition in the manufacturing sector. In this sense, PSS designers require adapted tools to support the design of sustainable 
solutions. This article aims to address this question by proposing a methodological framework for integrating sustainability considerations into 
the PSS design process. To this end a review of the peculiarities of the PSS design process was performed and which aims to explore potential 
ways of integrating sustainability considerations within PSS design. Several requirements have been drawn from PSS design and sustainability 
literature which contributed towards the formalization of a methodological framework supporting the design of sustainable PSS.  
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1. Introduction 
Industries are currently confronted to high competition 
markets induced by globalization (1). Moreover, the traditional 
production and business models, based typically on 
manufacturing and selling products, are reaching some limits 
due to multiple reasons such as natural resource depletion, 
market saturation, increasing costs, shortening product life 
times, etc. This situation generates structural crises within the 
manufacturing sector. As a matter of fact, the 
hyperconsummerism and planned obsolescence are seen by the 
consumer as a problem instead of a vector of growth for the 
industry. In fact, consumers’ needs are changing and consumers 
are looking for more sustainable solutions (2). 
In this perspective, companies are seeking to develop both 
profitable and eco-friendly offers without degrading the 
fulfillment of the consumer needs. One of these solutions is the 
transition from a traditional selling model (e.g. sales of product) 
to selling the functionality or the result provided by an 
integrated solution of product(s) and service(s), called Product-
Services System (PSS) (3,4). 
At this point, PSS sustainability assessment is a critical 
question that needs to be carefully addressed by designers in 
order to ensure PSS sustainability throughout its life cycle.  
However there is a lack of well–adapted methods and tools for 
this purpose (5). Most of the existing sustainability assessment 
approaches applied to the PSS design suggest that the design 
process is achieved prior to the assessment step which means 
that only slight changes can be made in order to reduce the 
impact of the existing PSS solution. However, it is commonly 
admitted that the earlier the sustainability impact of a system is 
assessed, the better the design can be directed towards 
improvement of such impact.  
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Consequently, an a priori assessment method which would be 
integrated into the various steps of the PSS design process could 
be particularly valuable. This article aims to identify the 
requirements for such a new methodology and to set its basic 
assessment principles and general structure.  
     To this end, Section 2 investigates the peculiarities of the 
PSS design process while putting forth main design steps. The 
subsequent findings of sections 2 shape up the main 
requirements for PSS sustainability assessment during the 
design process. Section 3 reports a proposal on a 
methodological framework for PSS sustainability assessment in 
an a priori context. A PSS use case is used to illustrate the 
proposal. Concluding remarks and research perspectives are 
presented in Section 4.  
2. Designing  sustainable PSS 
PSS design is driven by a decision making process which is 
driven by choices at different points of time. The aim of this 
section is therefore, to understand these choice phases in order 
to identify how to take into account sustainability at each phase. 
The design process of a PSS involves not only the design of 
a service or a product, but also a whole system including also a 
network of actors and support infrastructure.(6)     
2.1. PSS design 
Since the introduction of the PSS concept by Goedkoop et 
al., practitioners have acknowledged in it the myth of a 
sustainable and competitive alternative of the traditional 
business (i.e. business as usual, sale of a product). In contrast, 
selling a function – usage and result – instead of a product is 
only a building block of a holistic answer to sustainability and 
competition requirements (7).   
As the offer is no longer based on the product, the design of 
this offer – as well as the product itself – has to be modified to 
fit the new goal and scope of the system designed, including 
sustainability. Several evidences from the literature show that 
a PSS is not simply an answer to the sustainability issues by 
nature (8–10). As such, the benefits for the whole Planet, 
People and Profit are not systematic if the PSS is not designed 
with particular attention to its sustainability impact. Thus, PSS 
assessment is required and the earlier an offer is assessed, the 
earlier it can be improved. This means that the assessment is 
particularly needed during the design process. 
A quite straightforward PSS design process is reported by 
Cavalieri et al. (11) (Table 1). In their state-of-art, Cavalieri et 
al. (11) underline the lack of evaluation in the design process. 
The potential steps requiring evaluation and where evaluation 
can be integrated, as reported by the authors, are highlighted in 
bold in Table 1. Concept generation and evaluation relates the 
strategic level. Concept development and evaluation and 
Embodiment design and evaluation are concerned with the PSS 
design.  
 Table 1 : PSS design steps (11) 
2.2.  Specific characteristics of sustainable PSS design 
Involvement of actors and configuration of the value 
network 
Morelli describes a sustainable PSS as a social construction, 
based on “attraction forces”, which catalyze the participation 
of several partners, which need to be identified (12). 
Consistently with this idea, some authors argues that PSS are 
forcing a new understanding of stakeholders’ relationships (11, 
13).  
The designers should therefore focus on defining the actors 
who have to be involved in the design process in order to ensure 
that the impact of the PSS on them will be analyzed and to 
introduce them in the early stages of the design process in order 
to co-produce the envisioned PSS solution. 
Beyond partners identification, these must be linked to their 
own involvement and value in the life cycle (11,14) and thus 
their potential contribution to a sustainable solution. 
 
Complexity of PSS life cycle design 
As a PSS offer is a combination of products and services 
provided by a network of actors (7), it is necessary to consider 
various life cycles during the design process namely product, 
service, and their organization. 
Additionally, the PSS provider’s responsibility is extended 
to almost the whole life cycle of the product. Consequently it 
is important for the PSS provider to take all the life cycle steps 
into account, from the cradle (i.e. extraction of raw materials) 
to the grave (i.e. end-of-life of the product). 
Few authors introduce a distinction between different life 
cycles, e.g. product life cycle, service (or activity) cycle (15, 
16). The service life cycle differs from the product life cycle 
because it is intangible and has a smaller lifespan. Indeed, in 
the case of a service, the production is simultaneous to the use. 
Consequently remain necessary a real integration of all these 
life cycle as well as a progressive life-cycles specification with 
a view to sustainability assessment. 
 
Sustainability assessment of PSS 
The sustainability as a multi-dimensional concept cannot be 
approached by a unique criterion. Sustainability has to be 
assessed in its complexity and wholeness rather than an 
addition of its dimensions (i.e. environmental, economic and 
social) (17). Clearly, such holistic assessment requires an 
adaptation of existing indicators or development of new ones. 
# Steps 
1 Requirement generation 
2 Requirement identification 
3 Requirement analysis 
4 Concept generation and evaluation 
5 Concept development and evaluation 
6 Embodiment design and evaluation 
7 Detailed design 
8 Test 
9 Final design 
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The idea that sustainability as one of the most important 
dimensions for the development of PSS (18,19) is supported by 
a large community from academia and practice.  
Some researchers have analyzed the sustainability 
assessment of PSS and claimed that there is a lack of methods 
and tools available in this particular domain. Furthermore, the 
existing methods and tools (e.g. LCA, design-for-X, LCC) are 
product-oriented or service-oriented and do not fit with the 
product-service-oriented view of the PSS. (17,20). 
Nonetheless, these existing tools could be helpful as a basis for 
investigation.  
 
Functional analysis of PSS 
As PSS can be associated to multiple functions according to 
customer needs fulfilled by the PSS, a proper tool for 
structuring the customers’ needs, functions and structural 
element (e.g. product, services and process) of the PSS is of 
much interest to designers. Van Ostaeyen et al. introduced a 
Functional Hierarchy Modelling which separates a system into 
three main levels namely customer demands level, functional 
level, and the structural level (21). This three level hierarchy 
aims to represent the system’s functions and to identify the 
vertical relations between these functions, and defines how 
these functions are achieved (e.g. by product, service,  
processes), more specifically:  
- The customer demands is a high level of abstraction. It 
decomposes the overall objective into customer demands, 
which are the main tasks expected by the customers. 
- The functional level is the “How” authority relation of the 
customer demands. Going up determines the “why”. The 
functional level may be expressed into differents level (i.e. 
from desired effect on environment to parameters of a specific 
solution). 
- The last level of abstraction, the structural level, defines the 
structural elements which configure the solution. Each element 
could be a product, a service or a process. 
 
This modelling principle will be used in the proposal for 
both PSS and sustainability modelling. 
2.3. Requirements for a new methodological framework  
The analysis of the characteristics of the sustainable PSS 
design highlights a lack of methodological guidance to assess 
PSS sustainability during the design process. To fill this gap, a 
new methodological framework built on an a priori context is 
required. Based on the literature review following requirements 
can be identified for such a framework:  
x PSS actors’ involvement has to be fully addressed 
during the design process, considering that some actors 
participate directly to the process of value co-creation, 
when others are only impacted directly or indirectly by it. 
At this point, the challenge for the methodological 
framework is to properly address the sustainability 
concerns/impacts of/on multiple types of actors.   
x The methodological framework should cope with an 
interlacing of multiple interdependent life cycles for the 
product, the services and the overall system. The challenge 
consists in integrating all life cycles early in the design 
process, to enable a pertinent sustainability assessment of 
the system. 
x Sustainability for PSS has to be defined and made 
explicit through consistent set of criteria in order to be able 
to integrate and assess it throughout the design process. 
The heterogeneous indicators required for the assessment 
have to be integrated in a holistic view so as to support 
decision-making about the PSS design. The challenge for 
such integration is to provide a comprehensive and useful 
assessment for the designers.  
x Another transversal challenge needs to be dealt with 
relate to the high level of uncertainty characterizing the 
data required for sustainability assessment, basically 
because of the lack of accurate data during early PSS 
design stages. 
The proposed methodological framework, which will 
be described in the next section, is a first attempt to cope 
with most of the above key challenges and is by no means 
intended to fully solve all of them, in particular 
uncertainty.   
3. Proposition of methodological outlines for PSS 
sustainability assessment 
3.1. Basic principles of sustainability assessment 
It was decided to start from the design process suggested by 
Cavalieri et al. (11) for integrating sustainability assessment in 
the design. Early steps of the PSS design (1 to 3) are excluded 
from the methodological framework because they are focused on 
the definition of the customer’s needs, rather than designing the 
PSS itself. At this point, customer requirements are too abstract. 
In contrast, the last three steps (7 to 9) are focused on the design 
of the final solution and to test it. At this point, it could be too 
late, difficult and expensive in term of workload and money to 
improve the system and the range of possibilities is tight. 
On the contrary, integrating sustainability assessment in the 
three particular steps 4 to 6, namely, Concept generation and 
evaluation, Concept development and evaluation, Embodiment 
design and evaluation, would be pertinent and helpful to support 
sustainability in designers’ decisions. A good understanding of 
each of the considered steps remains necessary because each of 
them involves different type of choices. This means that each 
step requires specific ways to integrate the sustainability 
assessment into it. 
In order to evaluate even qualitatively, the impact of 
designers’ choices on sustainability a reference framework is 
required. To this end, it was decided to use the PSS sustainability 
generic framework introduced by Vezzoli et al. (19). The authors 
break down the three common sustainability pillars (e.g. 
environment, economic and social) into 18 dimensions which are 
in turn broken down into sub-dimensions. This hierarchy is 
integrated into the different design step as follows: dimensions 
are integrated into the concept generation, the sub-dimensions 
into the concept development and sub-sub dimensions into 
embodiment design. The use of this hierarchy is consistent with 
the incremental stepwise principle of the proposed framework 
since more detailed sustainability dimensions are integrated 
progressively throughout the design process (22). 
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3.2. Global scheme of the methodological framework 
Based on the requirements derived from literature and 
summarized in section 2.3, this section elaborates on the 
structure of the proposed methodology  
Obviously, the three design steps shown in Table 1 have 
different objectives and provide different pieces of information 
to the designers. As such, a single and simple tool or method is 
not sufficient to conduct a valuable sustainability assessment 
and thus to support the designers throughout all three steps.  
This means that a structured set of tools is needed for the 
PSS to be designed while taking sustainability considerations 
into account. Accordingly, the methodology will articulate 
sustainability assessment around different tools. Such 
articulation is realized interactively and in parallel with the 
progressive design process. 
Figure 1 presents the general scheme of the proposed 
methodology considering the three design steps Concept 
generation and evaluation, Concept development and 
evaluation, and Embodiment design and evaluation.  
For the sake of readability, a case study is used throughout 
the next section in order to illustrate the outputs of the three 
design steps. The case study is a very small SME (EB) 
providing regulatory sanitary water economizing products to 
hospitals and local communities.  EB wants to deploy a PSS 
solution for hospitals, as a promising step in the continuum of 
its sustainability actions. A partial illustration of the design 
process of the use case and its sustainable integration is sum up 
in Figure 2. In the use case, the sustainability was limited to 
one dimension for the sake of readability although 
sustainability should be approached a multi-dimensional goal 
including also economic and social dimensions. As mentioned 
previously (cf. sub-section 2.2), the representation is based on 
the modelling principle of the Functional Hierarchy 
Modelling.  
3.3. Specification of the sustainability assessment  
methodological framework 
Sustainability assessment during concept generation 
(Customer demands level) 
 The main objective is to specify the key characteristics of 
the indicator system used for sustainability assessment. 
Throughout this creativity design phase, a second objective is 
to encourage the designers considering sustainable vision in 
their design tasks. The expected outputs are (i) ‘sustainability 
dimensions’ identified as impacted by the system, (ii) a first 
network of actors involved and (iii) a model representing the 
customer demands for sustainability. 
Kim et al. propose a support system for this specific step, 
based on a review of existing PSS cases which help the 
designer to develop PSS concept from customer needs (23). 
They derived a generic framework of PSS alternative models 
which can be linked to specific customer demands.   
The integration of the sustainability at this point is based on 
the framework reported in Vezzoli et al. (19). More 
specifically, sustainability dimensions from the PSS 
sustainability assessment framework (Vezzoli et al. (19)) and 
the generic framework of PSS alternative models (Kim et al. 
(23) are cross analyzed, that is to say identifying the 
sustainability dimensions impacted by a given PSS model to 
meet a given customer demand. In this way it is possible to 
introduce the sustainability at a high level of abstraction 
independent of the designers’ interpretation on sustainability.  
Looking at the case study, one of the customer demands is 
to ease the maintenance activities of the hand showers which 
Figure 1: Global scheme of the sustainability assessment methodology 
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can be taken in charge by EB as a service. Subsequently 
resources consumption can be lowered. The PSS actors already 
identified at this point can share their motivations and 
expectations on sustainability. Additionally, this first 
identification is likely to uncover missing actors in the design 
team. In the case study, the actors are EB itself (PSS provider), 
the hospital (PSS customer), the patient, a manufacturer and an 
assembler to which EB is likely to outsource the production of 
the hand showers.   
 
Assessment during concept development (functional level) 
The development effort deployed in the concept 
development and evaluation step directly depends on the result 
of the previous step. The objective here is to translate PSS 
concept into functions, then to develop different design 
scenarios derived from these functions with different impacts 
on sustainability and to compare them in regard with the 
sustainability.  
These scenarios are the concretization of designer’s choices 
and interpretation. The definition of a scenario is based on 
defining the functions, deriving sustainability sub-dimensions 
from the dimensions identified in the previous step (the vision 
of the designers is important as they can influence (prioritize or 
avoid) some aspects because of their expertise.), and finally on 
the knowledge about and involvement of PSS network actors 
regarding functions and sustainability considerations. As the 
functions of the PSS are now identified, some new actors or 
subnetwork could be identified as they are able to fulfill these 
functions. 
The aim of the sustainability assessment at this moment is 
to provide a rough assessment of the different design scenarios 
in order to eliminate the non-admissible design ones based on 
thresholds which have to be defined. The assessment is led by 
the sustainability dimensions determined at the previous step. 
These dimensions are broken down into sub-dimensions which 
are more detailed. Moreover, this assessment provide a first 
classification of the design scenarios through the sustainability 
sub-dimensions. 
Looking at the EB example, in order to ease the maintenance 
for the hospitals, one function could be to ensure the 
maintenance by EB itself (F1), or to ease the changeover of the 
hand shower (F2). In this sense, the resources consumption 
dimension of sustainability identified in the previous step can 
be broken down into energy, natural resources and 
consumables. These sub-dimensions are likely to be impacted 
by the two identified functions F1 and F2.   
 
Assessment during embodiment design (structural level) 
At this step, the development of PSS offer reached the 
structural level. The objective here is to provide the designers 
with a detailed vision of the impact on sustainability of the 
design scenario. 
Similarly with the previous step, the different scenarios will 
be expanded in order to clear the structure of the system, the 
network of actors and the different life cycles of the PSS. 
Tangibility/intangibility of the structural elements (physical 
product, service activities or processes) is discussed at this 
point which clearly contributes to shaping up the PSS offer. 
The involvement of the actors along the life cycles of the PSS 
is important as they could have an impact on the final design of 
the PSS offer. 
In terms of sustainability assessment, the sustainability 
indicators used are derived from the sustainability sub-
dimensions defined at the previous step. As different actors are 
involving into the design process, each actor needs an 
evaluation according to its point of view. The different design 
scenario are assessed through these indicators in order to end 
up with a scenario resulting from the negotiation between the 
different points of view of the decision-makers. The result is 
rather a sustainable trade-off scenario.  
 Following up with the EB use case, F2 can be ensured by 
modularizing the architecture of the hand shower so as to 
decouple the most-frequently changed part (head) from the 
handle of the hand shower (“Modular” solution). This supports 
a maintenance planning which optimizes spare parts 
changeover frequencies. In order to enable the effective 
deployment of F2, the traceability of the spare parts should be 
reinforced, e.g. in a service offering colored (heads of the hand 
shower) according to their changeover frequency.   As such an 
indicator linked to natural resources and which can be used to 
Figure 2: Process of designing the “Modular” solution and some impacts on sustainability associated with each design step 
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assess the impact of the structural element, is the amount of 
plastic consumption per hospital room during a given period of 
time. 
4. Conclusion and perspectives 
The paper outlines a methodological framework for 
sustainability assessment during the PSS design process. The 
specific characteristics of a sustainable PSS design have to be 
taken into account in order to provide the designers with 
valuable sustainability assessment and thus a support of their 
decision-making process. Such a framework focuses on three 
design steps (Cavalieri, et al.) and relies on the framework of 
PSS sustainability dimensions (Vezzoli et al.) and a generic 
framework of PSS alternative models (Kim et al.).  
The methodological framework presented in this article sets 
some foundation for the development of a methodology which 
provides further support of the decision making process 
through qualitative and quantitative sustainability assessments.  
These further developments go hand in hand with the close 
collaboration and interaction with the case study.   
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